FAD analogues as prosthetic groups of human glutathione reductase. Properties of the modified enzyme species and comparisons with the active site structure.
Human glutathione reductase (NADPH + GSSG + H+ in equilibrium with NADP+ + 2 GSH) is a suitable enzyme for correlating spectroscopic properties and chemical reactivities of protein-bound FAD analogues with structural data. FAD, the prosthetic group of the enzyme, was replaced by FAD analogues, which were modified at the positions 8, 1, 2, 4, 5 and 6, respectively, of the isoalloxazine ring. When compared with a value of 100% for native glutathione reductase, the specific activities of most enzyme species ranged from 40% to 17%, in the order of the prosthetic groups 8-mercapto-FAD greater than 8-azido-FAD = 8-F-FAD = 8-C1-FAD greater than 4-thio-FAD = 1-deaza-FAD greater than 2-thio-FAD. The enzymic activities indicate a correct orientation of the bound analogues. The enzyme species containing 5-deaza-FAD and 6-OH-FAD, respectively, had no more glutathione reductase activity than the FAD-free apoenzyme. 5-Deaza-FAD X glutathione reductase was crystallized for X-ray diffraction analysis. Detailed studies were focussed on position 8 of the flavin. 8-Cl-FAD X glutathione reductase and 8-F-FAD X glutathione reductase reacted only poorly with HS- to give 8-mercapto-FAD X glutathione reductase, which suggests that the region around Val61 hinders the halogen anion from leaving the tetrahedral intermediate. Other experiments showed that position 8 is accessible to certain solvent-borne reagents. 8-Mercapto-FAD X glutathione reductase, for instance, reacted readily and stoichiometrically with the thiol reagent methylmethanethiosulfonate. 8-Mercapto-FAD X glutathione reductase does not exhibit a long wavelength charge transfer absorption band upon reduction, as it is the case for the 2-electron-reduced FAD-containing enzyme. This behaviour indicates that the charge transfer interaction between flavin and the thiolate of Cys63 in the native enzyme is not per se essential for catalysis. The absorption spectrum of the blue anionic 8-mercapto-FAD bound to glutathione reductase suggests that the protein concurs to the stabilization of a negative charge in the pyrimidine subnucleus. In light of the protein structure this effect is attributed to the dipole moment of alpha-helix 338-354 which starts out close to the N(1)/C(2)/O(2 alpha) region of the flavin. 1-Deaza-FAD binds as tightly as FAD to the apoenzyme. The resulting holoenzyme was found to be enzymically active but structurally unstable. In this respect 1-deaza-FAD . glutathione reductase mimics the properties of the enzyme species found in inborn glutathione reductase deficiency.(ABSTRACT TRUNCATED AT 400 WORDS)